Background: Esophageal cancer (EC) occurs commonly, especially in Asia, and is the sixth leading cause of cancer deaths worldwide. Recently, great progress has been made in research on the etiology and prevention of EC. Summary: The major risk factors for esophageal squamous cell carcinoma (ESCC) are tobacco smoking and alcohol drinking, which act synergistically. Dietary parameters, including dietary carcinogens and insufficiency of micronutrients, could also be important risk factors in certain areas. A common etiological factor for both EC and some other cancers are low levels of intake of fruits and vegetables. With improvements in diet and drinking water in developing countries, the incidence of ESCC decreased. However, in economically well-developed countries, the incidence of esophageal adenocarcinoma (EAC) has markedly increased in the past 40 years. The major etiological factor for EAC is gastroesophageal reflux, which is also an etiological factor for gastric cardia adenocarcinoma (GCA). In certain areas of China, the occurrence of GCA is closely related to ESCC. Susceptibility genes for EC are starting to be discovered, and this may help to identify high-risk groups that have more need for preventive measures. Mitigation of the risk factors, early detection and treatment of precancerous lesions are effective approaches for prevention. Smoking cessation, avoidance of excessive alcohol, meat and caloric consumption, increasing physical activity and frequent consumption of vegetables and fruits are prudent lifestyle modifications for the prevention of EC as well as other diseases. Key Message: The etiology of EC includes tobacco smoking, alcohol drinking, low levels of intake of fruits and vegetables as well as gastroesophageal reflux and susceptibility genes. Practical Implications: A healthy lifestyle including smoking cessation, increasing physical activity, consumption of vegetables as well as reduction of alcohol intake and caloric consumption are major approaches to the prevention of EC.
Introduction
Esophageal cancer (EC) is the sixth leading cause of cancer death globally [1] . The epithelium of the esophagus has historically been the site of malignant neoplasia, and is still a major site of cancer formation. EC has been particularly prevalent in many areas of Asiafor example, in the Taihang Mountain ranges of Northern China. Traditionally, most of the EC are esophageal squamous cell carcinomas (ESCC), and this is still true for Asia. In Western countries, however, the incidence of esophageal adenocarcinoma (EAC) has risen sharply during the past 40 years and has become the major type of EC. EAC is mostly caused by gas troesophageal reflux manifested as gastroesophageal reflux disease. Associated with the increased incidence of EAC is the increase in gastric cardia adenocarcinoma (GCA) in Western countries. In some other geographic areas, such as in certain areas of Northern China, the occurrence of GCA is associated with ESCC.
There is a vast body of literature dealing with the involvement of different environmental and genetic factors in ESCC and EAC. Many prevention studies further illustrate the etiological factors and suggest effective preventive measures for these diseases. This paper reviews studies on the etiology and prevention of ESCC and EAC, relying heavily on recent review articles, meta-analyses and the authors' own work to draw conclusions on the causative factors. Perspectives on the effective prevention of EC are also discussed.
Epidemiology and Etiology of EC
Historically, most EC were derived from the squamous epithelia of the middle and lower thirds of the esophagus and therefore named ESCC. In recent decades, EAC, derived from islands of columnar cells near the gastroesophageal junction, has become the major type of EC in Western societies. These two types of EC are apparently caused by different etiological factors and are discussed separately in the following sections.
Esophageal Squamous Cell Carcinoma
In Western countries, the incidence of ESCC is on the decline. Similarly, in China, the agestandardized death rates of EC decreased from 23.19/100,000 in 1973-1975 to 13.73/100,000 in [2004] [2005] , showing a decline of 59% [2] . The trend in EC incidence is clearly illustrated in an article by Cook et al. [3] , which reviews the incidence of ESCC and EAC in the USA by race and sex for the period . The data on males are shown in figure 1 . In the USA, the incidence rate of ESCC in African Americans was much higher than in European Americans, and the rate for both groups declined during the past decades. Such a decline was also found in Asian/Pacific Islander and Hispanic groups; their ESCC rates are lower than those for African Americans, but higher than those for European Americans. There is a large gender difference in EC incidence. In males, the incidence rates for both ESCC and EAC are 2-to 3-fold higher than in females; however, the patterns of a decrease in ESCC and an increase in EAC were similar [3] .
It has been well established that the major risk factors for ESCC are tobacco smoking and alcohol drinking [4] [5] [6] [7] [8] [9] [10] . These and other etiological factors are summarized in table 1 . The ESCC risk is estimated to increase 3-to 7-fold in current smokers [5] [6] [7] [8] and 3-to 5-fold if due to the consumption of alcoholic beverages [8] [9] [10] ; these two risk factors are multiplicative in smokers who are also frequent alcohol consumers. That is, these two factors act synergistically to induce ESCC. Tobacco smoke is known to contain polycyclic aromatic hydrocarbons, nitrosamines and many other carcinogens. Some of these compounds are known esophageal carcinogens. Among the different carcinogens tested in animal models, nitrosamines have been shown to be particularly effective in inducing EC in rats, the most commonly used animal species for EC research [11] . Cigarette smoke also contains a large number of pro-oxidative substances and generates reactive oxygen species, which can initiate and promote carcinogenesis. Although it has been proposed that acetyl aldehyde, a metabolite of ethanol, may cause cellular damage and have a carcinogenic effect, the exact roles of ethanol and acetyl aldehyde in esophageal carcinogenesis have not been clarified [12] . A commonly accepted interpretation of the synergy between ethanol and tobacco smoke is that ethanol dissolves and facilitates the transport of tobacco carcinogens to cells, making the cells more susceptible to carcinogenesis. Dietary factors have also been suggested as etiological factors of ESCC for US populations, especially urban African Americans, whose intake of fruits and vegetables was lower than that of other ethnic groups [10, 13] . Historically, African Americans were more likely to smoke than European Americans [10] . However, smoking prevalence and alcohol consumption cannot fully explain the racial differences or the decline in ESCC during the past 40 years.
In many economically less-developed areas, such as Linxian in Northern China [14] and Golestan in Northeastern Iran [15] , dietary factors, including dietary carcinogens and insufficiencies of micronutrients, were found to be even more important risk factors than smoking and drinking. One of the authors (C.S.Y.) spent a substantial amount of time in the 1980s working on the etiology and prevention of EC in Linxian (now renamed Linzhou City), and the occurrence of EC in this area will be discussed more extensively to serve as an example. EC has historically been an endemic disease in this area. Extensive epidemiological studies had been conducted in this area and nearby countries since 1959, and these studies were reviewed in 1980 [14] . On the southeast side of the Taihang Mountain range, where the three provinces of Henan, Hebei and Shanxi border on and center around Linxian and Yangchen, the EC mortality rates were >80/100,000 per year, surrounded by areas with gradually lower rates of 40-80 and then 20-40/100,000, forming irregular concentric belts. Outside of these belts, the rates were much lower; for example, the mortality rate for Datong (Shanxi Province) was 2.8/100,000. The incidence rate of EC (including GCA) was 108/100,000 and the mortality rate was 99.8/100,000 in Linxian (data from 1959 to 1970), and the rates in Yangchong were even higher [reviewed in 14 ] . The general observation in 1980 was that the populations at high risk of ESCC had been consuming a monotonous diet consisting mainly of corn. Consumption of vegetables and fruits was seasonal and low. Meat consumption was even lower; fish and dairy products were rarely consumed. Dietary intake of vitamins and trace elements were estimated to be low [14, 16] , and biochemical analysis confirmed that the population in Linxian had a low nutritional status in terms of vitamins A, C and E, riboflavin and carotenoids [16] [17] [18] . The conditions are referred to as micronutrient 'marginal deficiencies' or 'insufficiencies', because overt signs of deficiency were not observed [14, 16] . Corns were often moldy, and picked vegetables were infested by different microorganisms. Water supply has historically been a major problem; pond water was used as drinking water. Among the causative carcinogens, nitrosamines have received the most attention in Linxian. The existence of preformed nitrosamines in the diet in Linxian, in the 1970s and 1980s, has been reported; however, the quantities of their occurrence and their contributions to the causation of ESCC have not been clearly established [reviewed in 14 ] . The possible contribution of endogenously formed nitrosamines to the causation of EC has also been discussed extensively. The formation of nitrosamines from nitrite and secondary amines occurs favorably under the acidic pH in the stomach or in tissues with microorganism infections. Indeed, it was documented that the people at risk at Linxian had notably higher levels of nitrate and nitrite in their drinking and cooking water. These nitrates and nitrites came from the oxidation of nitrogenous organic materials in the water supply, usually a pond. Secondary amines were Tobacco smoking and drinking of alcoholic beverages; these 2 factors work synergistically Low intake of fruits and vegetables and associated marginal deficiencies in vitamins and trace elemen ts Carcinogens, e.g., nitrosamines, polyaromatic hydrocarbons Thermal irritation from consumption of hot beverages, soup and food; physical irritation due to loss of teeth (poor oral hygiene)
Betel quid chewing in Taiwan and India Extremely high salt intake in some populations HPV 16 and 18 in some areas -results inconsistent Genetic susceptibility, e.g., loci at PLCE1, C20orf54, ADH1B and ALDH2, coupled with alcohol consumption and smoking Table 1 . Etiology of ESCC shown to exist in moldy food, such as moldy corn. The formation of esophageal carcinogens, diethylnitrosamine and methylbenzylnitrosamine as well as a novel nitrosamine, N-1-methylacetonyl-N-3-methylbutylnitrosamine, formed by the nitrosation of moldy corn in vitro, was reported [reviewed in 14 ] . Inhibition of the nitrosation reaction by polyphenols and ascorbic acid in fruits and vegetables was proposed as a mechanism for the protective roles of fruits and vegetables against ESCC polycyclic aromatic hydrocarbons, which are produced by the burning of wood or coal for cooking or room heating in poorly ventilated rooms and were suggested as possible etiological factors [14] . However, clear evidence for the involvement of nitrosamines and polycyclic aromatic hydrocarbons is still lacking. Consumption of pickled vegetables had been suspected to be a risk factor for EC in Linxian [reviewed in 14 ] , but subsequent studies [19, 20] did not confirm this widely publicized idea.
Consumption of beverages and food at high temperatures, which causes thermal damage to the esophageal epithelium, has been documented to increase the risk of ESCC [21] . Similarly, swallowing hard food without sufficient chewing due to dental problems may cause physical irritation to the esophageal epithelium and increase the risk of cancer. In certain areas, such as Taiwan and India, betel quid chewing, which irritates the oral and esophageal mucosa, increases the risk of ESCC, especially when used in combination with tobacco [22] . The involvement of human papillomavirus in EC has been studied extensively; a strong association was found in some reports, whereas no association was seen in other reports [4] . This inconsistency could be due to geographical variations or due to contaminations or artifacts. A recent meta-analysis showed an association between human papillomavirus infection and ESCC in the Chinese population [23] . This topic, however, has been controversial and remains to be further investigated.
Genetic susceptibility to ESCC has been studied extensively for years. A previous genomewide association study (GWAS) in Japan showed that functional variants in alcohol dehydrogenase IB and aldehyde dehydrogenase 2, coupled with alcohol drinking and smoking, synergistically enhanced the risk of EC [24] . A recent, large GWAS in China identified susceptibility loci at PLCE1 (regulating cell growth, differentiation, apoptosis and angiogenesis) and C20orf54 (involved in riboflavin transport) for both ESCC and GCA [25] . The shared susceptibility locus in PLCE1 for ESCC and GCA in the Chinese population was also observed by Abnet et al. [26] . A recent study showed that two novel variants on 13q22.1 were associated with the risk of ESCC as well as GCA, but not with non-cardia gastric cancer and colorectal cancer [27] . A joint analysis of three GWAS of ESCC in Chinese populations revealed two new loci at 5q31.2 (synonymous SNP TMEM173) and 17p13.1 (intronic SNP in ATP1B2, near TP53). In addition, a locus in the HLA class II region at 6p21.32 was found in populations at the highest risk of ESCC [28] . A recent genomic analysis by whole-genome or whole-exome sequencing revealed several frequently mutated genes (TP53, Notch1, CDKN2A, PIK3CA, RB1, FBXW7, PTCH1, SUFU and NFE2L2), indicating low activities of cell cycle regulation and Notch signaling, as well as high activities of PI3K signaling and Hedgehog signaling [29] [30] [31] [32] . This genetic information could be used to develop effective means for early detection, prevention and personalized therapy [33] .
Esophageal Adenocarcinoma
With the improvement in diet and nutrition in many populations, the incidence of ESCC has gradually decreased in the past decades. However, in economically well-developed areas, such as the USA and Western European countries, the incidence of EAC markedly increased in the past 40 years [34] [35] [36] . As shown in figure 1 , in the USA, the incidence of EAC increased in both European Americans and African Americans -at a much higher rate in the former group than in the latter group. Similar rates of increase were also noted among females, albeit at lower incidence rates than in males [3] .
The major etiological factor in EAC is gastroesophageal reflux manifested as gastroesophageal reflux disease [37] [38] [39] [40] . This and other etiological factors are summarized in table 2 . The gastric juice in the refluxate, which also contains bile acids and enzymes from the intestine, can cause irritation and inflammation of the mucosa of the lower esophagus, leading to the formation of islands of columnar cells among the squamous epithelium, commonly known as Barrett's esophagus (BE). EAC develops over time from these lesions. Animal studies have demonstrated that gastroesophageal reflux, induced by surgical procedures such as esophagoduodenal anastomosis and esophagogastroduodenal anastomosis, is sufficient to induce EAC [41] [42] [43] [44] . Furthermore, the formation of EAC in these models is enhanced by oxidative stress induced by iron administration and is partially inhibited by the antioxidant nutrient vitamin E [42] [43] [44] [45] . Studies in animal models suggest that oxidative stress and aberrant arachidonic acid metabolism are the two major key events that promote inflammation and induce gene mutations for the development of EAC [44] . Cyclooxygenase-2, 5-lipoxygenase and leukotriene A 4 hydrolase, which catalyze the formation of proinflammatory eicosanoids (prostaglandin E 2 and leukotriene B 4 ), are overexpressed in both rat and human EAC samples [46] [47] [48] . Inhibitors of these enzymes, such as celecoxib, zileuton and bestatin, have been shown to inhibit the formation of EAC in the animal model [46] [47] [48] , and may be considered for future human studies.
Abdominal obesity is a related prominent risk factor [49] [50] [51] [52] . For example, the risk of EAC increased 3-fold for individuals with body mass indices >30 [50] . In another study, abdominal obesity was found to be more important, as the risk of BE was more closely associated with waist-to-hip ratio than with body mass index [51] . A large waist circumference was also found to be a risk factor for reflux esophagitis [52] . Such types of obesity not only physically increase the episode of gastroesophageal reflux, but may also contribute to carcinogenesis by enhancing inflammation.
Although cigarette smoking and alcohol consumption have been established as the leading causative factors in ESCC in Western societies, the involvement of these two factors in EAC has not been conclusive. Cook et al. [53] conducted a pooled analysis of ten populationbased case-control studies and two cohort studies from the International Barrett's Esophagus and Esophageal Adenocarcinoma Consortium and found strong associations between cigarette smoking and EAC as well as esophagogastric junction adenocarcinoma in Caucasians [53] . There was a strong dose-response association, and longer smoking cessation was associated with a decreased risk of all adenocarcinomas. On the other hand, the association Gastroesophageal reflux disease, Barrett's esophagus Abdominal obesity, which increases gastroesophageal reflux and inflammatory cytokines Cigarette smoking; cigarette smoke contains carcinogens and promotes inflammation Low intake of fruits, vegetables and cereal fibers; associated deficiencies in micronutrients may promote inflammation and carcinogenesis Alcoholic beverages -results inconsistent Genetic susceptibility Table 2 . Etiology of EAC between alcohol consumption and EAC and/or BE is still unclear. El-Serag and Lagergren [54] have reviewed three studies showing that the odds ratio for wine drinking and risk of EAC/ BE was <1. The authors pointed out that the observed protective effect of a modest intake of wine could have resulted from confounding factors and suggested that additional studies, particularly cohort studies, are needed in order to reach a clear conclusion.
Case-control studies have found that a reduced risk of BE is associated with frequent intake of fruits and vegetables as well as the consumption of omega-3 fatty acids and fiber [55, 56] . In a large prospective study in the USA on meat consumption and the risk of EC, red meat intake was positively associated with ESCC. The risk of EAC and GCA was found to be associated with the intake of heme iron and 2-amino-3,4,8-trimethylimidazo[4,5-f]quinoxaline, a polycyclic amine formed during cooking of meat [57] .
Genetic susceptibility to EAC has been studied for years. One puzzling issue is why a Caucasian background is a strong risk factor for both BE and EAC. The major hurdle in understanding the mechanisms of the racial disparity regarding BE and EAC lies in the small sample sizes of BE and EAC among other racial/ethnic groups [58] . GWAS in Europe and the USA have shown that the shared polygenic effects due to many genetic variants with a small effect contribute to the development of EAC [59] . Several significant SNPs are associated with FOXP1, BARX1, FOXF1, CRTC1, CDKN2A and TP53 [60] [61] [62] . Interestingly, genetic risk variants for common cancers and microRNA-related variants are seemingly not associated with the risk of EAC [63, 64] . Recent genomic analysis by whole-genome or whole-exome sequencing revealed several frequently mutated genes (e.g., TP53, CDKN2A, SMAD4, ARID1A and PIK3CA) in human EAC [65] . BE itself is found to be polyclonal and highly mutated. Most mutations have already taken place in the absence of dysplasia. There is often surprisingly little overlap between the mutation spectra of EAC and its adjacent BE [66, 67] . Not many mutations (e.g., TP53 and SMAD4) are specific for late-stage lesions such as high-grade dysplasia and adenocarcinoma [68] . In contrast, genomic catastrophes frequently lead to oncogene amplification through chromothripsis-derived double-minute chromosome formation or the breakagefusion-bridge cycle [69] .
One practical issue in preventing EAC is how to stratify cancer risk among patients with BE. The current clinical strategy involves regular endoscopic examinations and biopsy pathology. This approach is controversial due to lack of specificity of a pathological diagnosis of dysplasia, and recent data suggest that routine endoscopic surveillance of BE is not effective for early detection of EAC. Recent studies have shown that molecular biomarkers in biopsy or exfoliative cells are potential solutions for this problem. Multiple techniques have been used for this purpose and shown great promise, such as fluorescence in situ hybridization for several marker genes [70] , gene arrays for expression patterns of 90 genes [71] and genome sequencing [68] .
Gastric Cardia Adenocarcinoma
The etiology of GCA is strongly associated with gastroesophageal reflux. In fact, this cancer is usually studied together with EAC, showing a similar increase in incidence to that of EAC during the past decades [3] , and they share many of the etiological factors [3, 35, 57] . A similar increase in GCA has also been observed in Asian countries; for example, in Singapore, the incidence of GCA has increased each decade since 1968 from 6.3 to the recent 16.2% [72] .
In certain cases, such as in Linxian, the etiology of GCA is closely related to that of ESCC. Historically, GCA and ESCC have both been referred to as EC, occurring at a ratio of 4: 6. As will be discussed later, the only significant decrease in mortality rate in the Linxian Nutritional International Trial (LNIT) was found in gastric cancer (mainly GCA) by the daily supplementation of a combination of selenium, α-tocopherol and β-carotene [73] . Nested case-control studies have demonstrated that lower blood levels of α-tocopherol and selenium are asso-ciated with an increased risk of GCA and ESCC [18, 74] . Low selenium nutritional status, as reflected in the low toenail selenium content, was also associated with risk of GCA and ESCC in the Netherlands Cohort Study [75] . In this area, some genetic susceptibility factors are shared by GCA and ESCC, as described above [25, 26] .
Common Risk and Protective Factors for EC
In ESCC and EAC as well as in gastric cancer, there is a 'male predominance'. For example, the incidence rates for ESCC and EAC in men are 3-to 8-fold higher than in women [76] . One contributing factor is tobacco smoking, an etiological factor that is more prevalent among males. Another risk factor for ESCC, alcohol consumption, is also more prevalent among men. A biological basis for this male predominance, supported by results from animal models, is that estrogen is an inhibitor of esophageal carcinogenesis [77] . Abdominal obesity, which occurs more frequently in men than women, also increases the incidence of gastroesophageal reflux and contributes to the higher incidence of EAC and gastric cardia cancer [76] . Another common etiological factor for both EC and gastric cardia cancer, as discussed previously, is the low level of intake of fruits and vegetables (and associated insufficiencies of micronutrients) by the populations at risk.
Prevention of Esophageal and Gastric Cardia Cancers
As discussed above, the major etiological factors for EC and GCA are well studied. Eradication of these risk factors and early detection of precancerous lesions are the most logical approaches for preventions. Smoking cessation, avoidance of excessive alcohol consumption and reducing the intake of salt and salted food are all sound public health guidelines for the reduction of EC ( table 3 ) . Lifestyle changes are difficult to implement, and few studies on these approaches toward cancer prevention have been reported. The success in smoking prevention and cessation in the USA, which has been followed by a decreased incidence of lung and other cancers, indicates that behavioral changes are possible when enough effort is devoted to such public health initiatives. On the other hand, difficulties have been encountered in the prevention of EAC by reducing gastroesophageal reflux through changing dietary habits and reducing obesity. Medical treatments with antireflux drugs and proton pump inhibitors have not yielded consistent results [78] . 
Intervention Studies in Linxian
The insufficient intake of vegetables and fruits, and the associated nutritional insufficiencies of micronutrients, is a common etiological factor in both EC and gastric cancer. The hypothesis that supplementation with micronutrients can prevent EC was tested in a largescale intervention study, the Chinese-US cooperative trial LNIT. In the poor rural population of Linxian, there was a low intake of micronutrients, and insufficiencies of some micronutrients were indicated by blood nutrient analyses [16, 17] . Because many micronutrients had been shown to be associated with EC, the nutrients were divided into four groups: (A) retinol and zinc; (B) riboflavin and niacin; (C) ascorbate and molybdenum, and (D) α-tocopherol, β-carotene and selenium, in a factorial design with eight groups: placebo, AB, AC, BC, AD, BD, CD and ABCD. The study involved 29,584 adults (aged 40-69 years) who were given supplementations as daily pills for 63 months (1985-1991) . There were 2,127 deaths during the trial period; 32% were due to esophageal and gastric cancer. The study showed that daily supplementation with a combination of α-tocopherol (50 μg), β-carotene (15 mg) and selenium (50 μg) to the general population (>40 years old) for 63 months decreased mortality due to gastric cancer (mainly GCA) by 20% and total cancer mortality by 13% [73] . This result is consistent with the results of the nested case-control studies, which showed that the blood levels of α-tocopherol and selenium were inversely associated with cancer risk [18, 74] . Other nutrient combinations, however, did not show any effects on the end points measured.
Follow-up studies found that 10 years after the cessation of the nutrient supplementation, the preventive effect of the supplementation with α-tocopherol/β-carotene/ selenium on gastric cancer still remained, and a new observation was that the supplementation reduced ESCC mortality by 17% in subjects who started the supplementation at an age ≤ 55 years, but increased the ESCC mortality by 14% among those >55 years of age [79] . These results suggest that the supplementation was beneficial to subjects at a younger age or before the onset (or at the early stage) of esophageal precancerous lesions, but supplementation to older subjects with severe lesions was not effective. Consistent with this concept is the result of a parallel nutritional intervention trial in Linxian on adults with esophageal dysplasia in which a combination of 14 vitamins and 12 minerals or placebo was used [80] . The cumulative ESCC and gastric cancer death rates were only 8% lower and the total cancer death rate was 4% lower in the supplemented group; both of these reductions were statistically insignificant. This concept is also in agreement with the result of another randomized trial conducted later on the same cohort with selenomethionine, in which a beneficial effect was observed only in patients with mild esophageal dysplasia, but not in those with severe esophageal dysplasia [81] . Celecoxib had no effect on squamous histology in this trial.
The effect of the herbal preparation Antitumor B (a mixture of 6 herbs, newly carrying the commercial name of Zeng Sheng Ping) was studied extensively in individuals with precancerous lesions in Linxian in the 1980s [82] . After treatment with Antitumor B for 1, 3 or 5 years, the incidence of EC had significantly decreased [82] . In this trial, the randomization process, blinding, side effects and potential variation in the chemical compositions of the herbs were not sufficiently addressed.
The results of the LNIT increased our understanding of etiology. It appears that a low antioxidant nutritional status could make the upper gastrointestinal epithelial tissues more prone to inflammation. Inflammation of the esophagus (esophagitis) was reported to occur widely in this population [14] , and it could be an important causative factor for EC. A suspected low dietary methionine and choline (both methyl donors) status may also make these subjects prone to epigenetic changes such as the silencing of tumor suppressor and receptor genes by promoter hypermethylation [83] . Recent observational studies have shown that as the popu-lation's diet has improved, with increased availability of fresh vegetables and fruits and other food items to replace the traditional monotonous corn-based diet, the incidence rates of ESCC and GCA have significantly decreased [84] .
Other Studies
Chemoprevention with pharmaceutical agents has been tested for EC. Nonsteroidal antiinflammatory drugs are associated with a reduced risk of EAC and other gastroesophageal cancers [reviewed in 4 ]. Several agents with relatively specific mechanisms of action have been identified for future clinical studies. For example, statins, nonsteroidal anti-inflammatory drugs, proton pump inhibitors, ursodeoxycholic acid and difluoromethylornithine are all promising agents against EAC [85] . However, it is difficult to test their chemopreventive efficacy through randomized clinical trials. Results from early studies are not encouraging; for example, celecoxib at 200 mg twice a day for 48 weeks failed to prevent the progression of Barrett's dysplasia to cancer [86] .
The possible effect of physical activity in the prevention of EC was studied in a large cohort of US men and women followed for a period of 7-8 years. A protective effect against GCA and EAC was observed, but there was no association with ESCC [87] . Possible mechanisms involve decreased chronic inflammation, levels of IGF and leptin, as well as increased insulin sensitivity [87] . The effect was seen in non-cardia gastric cancer and patients infected with Helicobacter pylori [88] .
As for early diagnosis of precancerous lesions, endoscopic screening in areas at high risk of EC and gastric cancer is a reliable approach, and some large-scale screenings have been successfully conducted in China. A recent study showed that endoscopic screening and intervention significantly reduced mortality caused by EC. Early detection and treatment of preneoplastic lesions also led to a reduction in the incidence of ESCC [89] . Similar to this, multiple studies have shown that treatment of dysplasia in BE patients -for example, with radiofrequency ablation (RFA) -reduces the risk of EAC [90] [91] [92] . RFA is an FDA-approved endoscopic technique in which diseased tissue is exposed to heat energy and destroyed. This technique has been proven to be safe and durable at least through medium-term follow-up [93, 94] . In a multicenter RFA study in the USA, among 4,982 patients with RFA treatment, the incidence of EAC was markedly lower than in other studies of disease progression [91] . A general consensus has been reached among gastroenterologists in Europe and the USA that endoscopic resection and ablation is the most effective therapy for high-risk BE [95] . Furthermore, some recent studies also have shown that mucosal neoplasia arising from BE can be successfully treated with endoscopic mucosal resection (EMR) followed by RFA [96] . A nationwide study of BE patients treated with RFA followed by EMR has demonstrated that the procedure is effective and safe [97, 98] . A further study showed that undergoing EMR prior to RFA was associated with an increased likelihood of maintaining a durable eradication of mucosal neoplasia [99] .
Concluding Remarks
As reviewed above, the trends toward declining incidence rates of ESCC, combined with the rapidly rising rates of EAC and GCA during the past several decades, strongly suggest that lifestyle and other environmental factors are the major etiological factors for esophageal and gastric cancers. The 'genetic makeup' of populations has not changed. Studies on genetic susceptibility, especially using the recently developed GWAS approach, could generate useful information for understanding why certain individuals within a specific population are more susceptible to certain environmental factors. Some promising leads are beginning to appear; for example, polymorphisms of alcohol dehydrogenase and aldehyde dehydrogenase are linked to alcohol consumption for increasing the risk of ESCC. The recently identified, possible polymorphism in enzymes involved in riboflavin transport could be linked to marginal riboflavin nutrition. Much is still unknown concerning the racial differences in the incidence of EC, for example, the different patterns of EC in African Americans and European Americans. Based on the etiological factors discussed above, it is logical to conclude that most of the EC are preventable. Lifestyle modifications, such as smoking cessation, reducing alcohol consumption, decreasing salt intake and avoiding overeating, will significantly reduce the risk of these cancers. Consuming a diet that is rich in vegetables, fruits and fiber-containing foods would avoid nutrient insufficiency-enhanced carcinogenesis and promote healthy functions of the gastrointestinal tract. These recommendations, plus increased physical activity, in fact are guidelines for the maintenance of good health and prevention of cancer and many other diseases.
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